Several oxidase reagents and commercial products were evaluated as to their efficacy in detecting oxidase activity in species of the genus Pasteurella. Recommendations are made concerning the reagent of choice for determining oxidase activity in the genus Pasteurella. Recommendations are made also concerning the use of commercial products and their efficacy in detecting oxidase activity in this genus.
In 1965 Smith and Thal (21) made a taxonomic study of the genus Pasteurella. They observed two distinct groups in this genus on the basis of the oxidase reactions as well as other biochemical differences. Group I was oxidase positive and included P. multocida, P. pneumotropica, P. haemolytica, and P. ureae. Their group II was oxidase negative and included Pasteurella "X" (Yersinia enterocolitica), P.pestis, and P. pseudotuberculosis. They proposed that the members of the genus Pasteurella in group Il be placed in a new genus, Yersinia, as proposed by van Loghem (25) . In addition to Smith and Thal, other investigators have also studied the oxidase activity of Pasteurella. Steel (22) reported that 19 of 26 P. multocida strains were oxidase positive and 6 of 6 strains of P. haemolytica were positive. His data agreed with those of Smith and Thal for their group II Pasteurella species. Steel used filter paper impregnated with 1% tetramethyl-p-phenylenediamine dihydrochloride (TPD) to detect oxidase activity. Henricksen and Jyssum (14) tested a 0.5% aqueous solution of TPD as an oxidase reagent. They observed that all 14 strains of P. multocida, 6 strains of P. haemolytica, and 1 strain of P. pneumotropica were oxidase positive with TPD reagent. Using the dimethyl-p-phenylenediamine dihydrochloride reagent, most of these strains gave negative reactions. However, several clinical microbiology manuals which are available for laboratory use indicate that dimethyl salts also may be used as acceptable reagents for the detection of oxidase activity in bacteria (1, 10, 19, 24) . The results in this study definitely prove this not to be the case for the genus Pasteurella.
MATERIALS AND METHODS
Organisms and oxidase reagents. The majority of the Pasteurella and Yersinia isolates used in this study were of bovine, porcine, fowl, and human origin. They were obtained from hospital and veterinary laboratories and from several investigators engaged in Pasteurella research. Isolates of P. multocida, P. haemolytica, P. pneumotropica, P. ureae, Y. pestis, Y. pseudotuberculosis, and Y. enterocolitica were grown in Trypticase soy broth (BBL Microbiology Systems, Cockeysville, Md.) for 24 h at 37°C. The cultures were mixed with a Vortex mixer, and the cell suspensions were then adjusted to a reading of 95% transmittance on a Coleman Junior II spectrophotometer model 6120 (Coleman Instruments Corp., Oak Brook, Ill.). After adjusting the cell suspensions, dilutions of 104 were made in sterile 0.85% saline. One-tenth-milliliter amounts of the final dilutions were plated on tryptose blood agar plates. The inoculum was spread across the plates with a glass rod dipped in 95% ethyl alcohol and flamed between each plating. After 24 to 26 and 48 to 50 h of incubation at 37°C, several drops of the respective oxidase reagents were applied to the isolated colonies. Aeromonas hydrophila and Staphylococcus aureus were chosen as the positive and negative control organisms, respectively, for all the experiments. All oxidase tests were made in triplicate.
All oxidase reagents were used as aqueous solutions of 0.5, 1, and 2% with and without 1% a-naphthol prepared in 95% ethyl alcohol (8, 9, 13) . a-Naphthol was used in a 1:1 ratio with the oxidase reagents. Gaby and Hadley observed that a-naphthol with the oxidase reagent in a 1:1 ratio was a satisfactory tool in the detection of oxidase activity in Pseudomonas aeruginosa (13) . Therefore, a-naphthol was used in this study to determine if it would make the respective oxidase reagents more sensitive in the detection of oxidase activity in the genus Pasteurella. The phenylenediamine salts (Eastman Organic Chemicals, Rochester, N.Y.) used as oxidase reagents were: TPD, dimethyl-p-phenylenediamine monohydrochloride (DPH), dimethyl-p-phenylenediamine oxalate, and dimethyl-p-phenylenediamine sulfate. The reagents were stored at 4°C for 1 week and then discarded.
Strains were recorded as oxidase positive if the colonies developed a blue, pink, or rose color within 5 min. Any colony not changing color in 5 min was recorded as oxidase negative.
To simulate a clinical laboratory situation, 33 additional isolates of P. multocida were plated on 5% tryptose blood agar plates and streaked for isolated colonies. The plates were incubated for 24 h at 37°C. One percent DPH and TPD with and without a-naphthol were the reagents used to detect oxidase activity. Tests were done in triplicate on different days to ensure reproducibility.
Commercial oxidase tests. The efficacies of commercially available prepared disks impregnated with oxidase reagents were also observed. These products were used to detect oxidase activity in P. multocida AUl tests were done as recommended by the manufacturers. The commercial products used were Patho Tec Cyto O strips (General Diagnostics, Warner-Lambert Co., Morris Plains, N.J.), Taxo N disks (BBL), and oxidase differentiation disks (Difco Laboratories, Detroit, Mich.). A positive reaction was a color change at the site of application of the inoculum. No color change was recorded as an oxidase-negative reaction.
The inoculum was applied to the disks with a platinum loop.
RESULTS
Twenty-four-hour colonies of all four species of Pasteurella showed poor oxidase activity when concentrations of 0.5 to 2% of the dimethyl-p-phenylenediamine salts (dimethyl-pphenylenediamine sulfate, DPH, and dimethylp-phenylenediamine oxalate) without a-naphthol were used (Table 1) . Colonies growing for 48 h showed a considerable increase in oxidase activity when 1% and particularly 2% concentrations of the dimethyl-p-phenylenediamine salts were used. DPH was generally the least reactive of the three salts except in the case of P. multocida.
There was a considerable increase in activity at 24 h when TPD without a-naphthol was used to detect oxidase. Again, an incubation period of 48 h generally increased oxidase activity to 100% for all four species, using all three concentrations of TPD. However, earlier detection of oxidase activity was possible, at 24 h, for all species if the concentration of TPD was increased to 2% (Table 1) .
When a-naphthol was added to the dimethylp-phenylenediamine salts in a 1:1 'ratio, there was no appreciable increase in oxidase detection at 24 h over that obtained by using the salts without a-naphthol at all three concentrations, except for P. ureae. No significant increases in oxidase production were seen at 48 h when anaphthol was added to the dimethyl-p-phenylenediamine reagents for P. haemolytica and P. pneumotropica (Table 1) . Increased oxidase activity was seen for P. multocida at 48 h when 1 and 2% concentrations were used ( Table 1) .
The addition of a-naphthol to TPD in a 1:1 ratio at 24 h showed an appreciable increase in oxidase activity when compared with the dimethyl-p-phenylenediamine salts. However, when the detections of oxidase activity by using TPD with and without a-naphthol were compared at 24 h, no noticeable increase in activity was seen for any of the four species. In general, 48-h colonies of the four species of Pasteurella showed no greater oxidase activity than the 24-h cultures, especially at 1 and 2% concentrations.
A. hydrophilia was oxidase positive with each of the dimethyl-p-phenylenediamine salts and TPD at 24 and 48 h with and without a-naphthol. The oxidase-negative control, S. aureus, showed no oxidase activity with any of the four reagents after 24 and 48 h of incubation with and without a-naphthol.
Ail 33 isolates (100%) of P. multocida which were plated on 5% tryptose blood agar plates, in the simulated clinical laboratory situation, were oxidase positive with 1% TPD with and without a-naphthol after 24 h of incubation (Table 2 ). Only 24.2 and 42.4% of the P. multocida isolates were oxidase positive with 1% DPH without anaphthol and with a-naphthol, respectively, after 24 h of incubation (Table 2) . It was also observed that viable P. multocida could be recovered for up to 1 h after continuous exposure to aqueous 1% TPD.
Commercial oxidase testing procedures were based on the methods of Kovacs (18) . These were compared with the previous techniques to determine which method was most suitable for detecting oxidase activity in the genus Pasteurella. Of the 33 isolates of P. multocida, Taxo N disks detected oxidase activity in 88% of the isolates, oxidase differentiation disks detected oxidase activity in 63% of the isolates, and Patho Tec Cyto O strips detected oxidase activity in less than 3% of the isolates (Table 3) . Some of the isolates gave weakly positive and questionable results with Patho Tec Cyto O strips and were positive with one or both of the other commercial products. Aeromonas spp. gave a strong oxidase reaction with the three commercial products, and S. aureus was oxidase negative with each of these products. h nor the addition of a-naphthol significantly increased the sensitivity of TPD to detect oxidase-producing isolates of Pasteurella. Furthermore, this combination produced false-positive reactions within the genus Yersinia, especially when the incubation time of these organisms was extended to 48 h (Table 4) .
DISCUSSION
In general, the detection of oxidase activity in the genus Pasteurella by the dimethyl-p-phenylenediamine salts was not as consistent as it was when TPD was used. Although there was some increase in sensitivity when cultures were tested for oxidase activity with the dimethyl-pphenylenediamine salts after a 48-h growth period and when a-naphthol was added to these reagents, the sensitivity of these reagents was not as great as that of TPD. It was reported by Henricksen and Jyssum (14) that most strains of P. multocida were oxidase negative when tested with 1% DPH after 24 h, which agrees with the results of this study.
.TPD is a more sensitive reagent for detecting color change during the oxidase test. The color is usually seen within 1 to 2 min after application of the reagent. Steel (22) found that when positive reaction to the development of color was limited to within 60 s, only 47% of his P. multocida isolates were positive with TPD. The positive reactions are generally a very intense blue, which facilitates reading the reactions. The oxidase-positive reactions with dimethyl-p-phenylenediamine oxalate and dimethyl-p-phenylenediamine sulfate were not as easily read, since the maximum intensity was only a rose color. The positive colonies turned brown to black when DPH was used. The length of time for a color change to occur varied from 1 to 5 min when the dimethyl-p-phenylenediamine salts were used. It was of interest, however, that when a-naphthol was used with each of these reagents, a color change was detected more quickly. It was often noticed that the center of the colony gave a more intense positive reaction than did the periphery when any of the reagents were used. This may be due to the area of heaviest growth, as suggested by Henricksen and Jyssum (14) . Since Smith and Thal (21) suggested that the oxidase test be used as a major criterion to separate the genus Pasteurella into two groups, Yersinia and Pasteurella, isolates of Yersinia were used in this study to compare their oxidase activity with that of Pasteurella. The studies of Smith and Thal and those of Henricksen and Jyssum indicated that all members of the genus Pasteurella were oxidase positive when 0.5% TPD was used as the oxidase reagent. Our studies indicated that 0.5% TPD was not as satisfactory in detecting oxidase activity in P. multocida in 24 h as it was for P. pneumotropica, P. ureae, and P. haemolytica.
Tryptose agar with 5% sheep erythrocytes was used as the medium of choice for this study, as Pasteurella grew more rapidly on this medium. Blood agar also is the medium recommended to isolate the organisms in the clinical laboratory VOL. 12, 1980 on August 14, 2017 by guest http://jcm.asm.org/ Downloaded from 
